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wichib I* n ommiefas.4w s cow of johuta, doe main Imne which need flt be repmaledf we lhe mosaal of load

FRposmommoooadned S.' do phlmy paremater isis Lacn sooduty beading. Accordin the atandard vmovincal
jdhtpeqpomninapliaotuwt.Pgt1 osaderaj 5* uhiorlowsaendwyb=uiv4gmnd a.decalbedasection2.1.
P=1n2,u )rsohm w*lM*a opooftU7beadiog ned tadesate isoction 2.2.
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critical achmd-wise job ints *1sigle abe. haetmrs generdy exhibt ulpuicui asnatas of sondary bendin md are
cmwdedw in M2 ofthisaeaa (setio 2.2)
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Oiad e.jointswith sS r#ai ndte se 0.o2 tOS. lbshd tuaslened by UN beaehas been thorn obeof lesse
bspetaeetU~souwoleendeybein~2)Howriachord-wlsewnogjoinzdeloaduuulerrdbyafstaers

The LT ssad SO vaes dussmed in the sboveV p qh we nasdatle sthse but depend on loading conditions.
~sIhehbot~iyaimh@0ise widepeadn the lad apliodsequead oadimaoyreadypplim.7e

LT en S vvalue. hwever uS be predmsmIy dependent upoen secimen geosety and hatemer fleawklt and ft 'The

reps ~ ~ ~ ~ okt tmbmrdlw udenottmgrngsUse tahidL insdjar0aphcantlys teitis"e
dewfl~~ iawrdewmidmira ap~uis adit.ne -e ey ,in d &Pjoinsm. ino slcominosatiuctue Ms

wharm fpay-beslu

propmss~ili icompIeL Thmoarmamiffbetsmnuletcomnidesio which sast be asessed mas nmber olwayL

Firstly it munt be confirme by memaarement that the LT and SB reiluirement are fulfilled ice. the averaige S5 rato, is in the

to~~~~~~~~~~ thjM a ihsdFo hs euustwidith axaeolseistditions we Can idntif wVhether partcula
joints ae he"Wat or: ametry dm*ed. Chmerfesisti values of LT end S8 cam also be assigned to ecd Joint. Thes
chimicerlstic wuheanmust be conulid In coetlen with the reslt afla fatgue tesin programme. As discussed in the

* p~vlosueeionfu nproruueinrplrdtoavats f all alike joints oudered, rat ftesisttt atee
systemin thesae way.

From ~the resuls of UN LT and SB maenanent nd froms the fatigue test programme, a number of joits must then be
seetdas standard Specimens. In Orde to destermine which joint or joints sAmud be defined as standards, a selection

procedure was defined by the woiting group. Ilus selection procedure start by considering Whether anl of the joints yield
d*f smat reils bnoth aid" andf us& rating, with- the nfsftige resistent faestenser systens. It my be that anumber, but
notA olif the P en produce dmiler r Nel.i this is the aft than one joint may be selected from this commuon group.

dowbdoswiiddifenrestestsigomtdso y-tdoitedtkin which ca one joint U5hgo sUpw mumbe
aslcte. it my also he UN ca.e that Use v6*u of SB my overshadow any other bocors in determining the relative Wie

*imiprovemnents. tn thin case it would be preflerale to select one joint which could produce diffecrent values of SB by simple

3. SrAfANDMIXcIMN DMIGn
AsdiscmedinUdintsuduetlondtlo 1dthepolwpro i nnwastolookinmot dtaiattajoints used inthe

F~lpropaninA laemmtheolspedmmwlth aorkiw eadasybendingwere usedwhicbexhibit various nifounts of
load Isr Warderooaider w~hjoins should bembswted in detail for this pe agmin-e, specimenis were sub-divided

into6.grup~mlos0W loh loaid- I trascerad loutansfr Specintageome rnconsdered andho chosen
foeskhaon in Uthe categorp i, aw dips~hs In sections 3.1,3.2 and 3.3 respectively.

in confinis howeve few hasontory joints weve ttd in do FMF programe which consisted secondary heingism the
rump ~ ~ ~ ~ ~ ~ ~ ~~~W 0.tO nw r y pe i onse Msisindetlforis prorm aredescribed in section 3.4. 'Me

phmtrasmed hole preparatioun due, for bothputs adbestrannearedescr#ibe nseton3.

was ~ensmdthethrk.IadamThs~umtdysmmumehenwiulo A t stAGAND FIMSemeing in Sai

I lad0 ads d ild whW T1his f1001 tyen w asd bohome in a tow wherei Ih stesspdigot is asumethic. Thec

burn Te sum ehtid ind hed m voo s~ soft -bole prepuaous ad mariese tratens as described in

&* s -oe-fiid M Wm. nusi b .M ta.f

a~2 Q&1 p~ g

~ es tstd n NPEI rorame4 Dt
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MesmamsofT and S5 on the AOARD joit werecomaden the FRIS popamne(2).It was shown thada of the
two fkastenramfersbout 3% ofth add. The seconday bendin was memaured and foud so be is dc rmqc.l so0.5.

B ti d esipsefdobbearmeianorihokdusiroatswereetd In beFRFSpropsamme,eaCh joi
=so id eweam tm nd$11a ebftm& eCompleJoit wih mpk faihcimr rows, and unfito1eftsteom a iaschbow
weie retevdiog .iereasaadesribad in seetio 2.1,nmmely tht teiotreuietfora standdjoi isiatto
raubfstensyatesand iwaseooddevedtdo aimltwoastneroint wasadesaftforts prps.A lod rumdro30

in0% the must seci his nudm mequivusnent. The: selection was thus band antimpliciy and cost~ Tesa diste on the UK
jobs., shown in Fig 3. was Akisdy vallblefom the FMF jarogirne and it was selected for comparison with the no and low
loudvtansfer joints

Fou $nesia diin essftw& t oug ay t re onidrd In asstadadJoint.e rao o

wcbf~o am o th Am&is fr coparshowsiAce theren use do 11/2 dogbon speine which as theTed a
pt* m of th i s progam c Therwds Wn jSoint show s theig 4UK 0-ejoint which ws condred ersi as thaon

used ithe FRMprogrmume hav*I /r damter I e nm Aconvolingsectim FvgL7 shows diedetailed design of the
Swedish U-Jomn wich wa not tested to Ace FF15 proigranm. Thai Joint a a dervave of Ace X-Jolnt used in the FRFS
progrsamI and was specifically designed tfo this inetgto.It is essentially a sin* counim X-joint but with a U-dsannd
spice plat instead ofh AcBea plate used in theX-joint comm don. Two and four column U-joints have been used successfialy
in Ac pust, bat thi a the first asasmesst of the singi. colun variant.

U3 ESoehimsspu

Jointsn part I of the exercise weoo unumfacured homa COMWm batch of 7010 - 7651 ameriaL Joints in Part 2 were

MW mchansical properties of both materials; aft grvn in Table 2. Holes were produced by the gemnra peucedure-pilot drill,
drill, teama cold-work, rein, debuir, measure bole claueter, countersink. Variations to this procedure for indlivida fastener
system are given in sections; 4.1 to 4.4. ANl specimens were wetissembled using PR- 1422 for Part 1 specimens sand PR- 1431 -
G for Pot 2 ecims.

4. FAST42 SSTEM

* haInrder to sumd whethe tejoints desribd in the last section rat fastener system i tic:same way, they must be teOtW
wit a ranme of fatener systens. Fatigue resontant fatener system rey on one, or acoisiaton of two or three mecisanismns.
Thes aredumpig, interferaee fit ad cold-working. The f&mone system chose to ase AcJoints mnust therefore coversa
rangeof combinaios f thseparamers whihae tpicalyused inpracticeAccordinlyf oureae were chofr ech
pmotfthemreisewwcbwothishls amp The fouresam aredescribeid belowiad arebased on the system used In theFRFS

p@pnn Sytm IAad 2Aam mticdtoFRFS-Aandsytess ad 25 ae idntcatoFRFS-3. Systems iCand2C
are similar to FRFS-C, whichspeclfed ssiimerfeeno fit of9 900pm

Pas IL No or low secondary bending

COLDI)-WORKD FASTENER FIT

IA NO HI-LOK ahanne
20* 10 ism

15YES HI-L.OK Intrferenc
25 ± 10gin

IC No Iff-T[GUE A lasre
110* 10pm

ID YES KUCK-EXL 1 esfemne
120 * 10 p.

bm~m ms~am~tsefalsand tanrdmssrswere miseoreach joiatntamae~le nAe
L1~w sa ~s m e i mlt DaULUd~KnONO e-ahdhs I

4 IH~X~apg*



Pani llghaneondaly bodin
COLD-WORIKED FAMTNER FIT

.2A NO FH-LOK allowa
20 * 10 pm

23 YES HI-LOK Interffrenc
25 * 10po

2C Nnterference,
2C N HI-IGUE 70* 10pmn

2D YES H9IIGUE Interferce
70 * 10 pm

To dieck theseIts, moesurements of hole and Intener disasters emmade for each joit and are sunurisedl in Annex
1. no four fasen, system coen for condltion 2A to 2D were HI-LOK. HI-L.OK in BOEING CX cald-warked hole, HI-
TIGUE end HI-rtoGU tn BOEING cx col-wor kae

Deta ofeach *fat=nersto nand hole prepaatons aredescribed in section 4.1 to 4.4. Sctehes. oft fstener systemvs
wreahown in Fig 8.

Mwe H-LOK fastew ner be nstaldW with light clearance or interfeence fits. It as available in steel aid tianiums with a
variety of coatngs HIOCS used in dis, investigaton were stel, 635mm d ins installed with, a ligt clearance fit and
asabied with sheeroff type eallas, or K-fast nut The put and colar part ousmbers are wven in Annex 2

4.2 HI-LOK imeeli-waakd bela (113 sod 230).

The BOEING CX splt sleeve procem cold-gxpand thefateer hales prior to assembly. Amue" is inserted through
the fatene hole and a split sleeve passed over the mamleel, intwte Aaser hole. The madre is the pulled through the
sleev winga compressd airpowered pulle.Tsleeveis-dscardd ad obc th Paerae osre pcneaete

dolnu reda udoufferinks drilled. Mw *I-LOK fasteer(as describied io 4.1) is then instaled with s %Mgh iterference fit and
asmbledwithshearw-otypecollrorKfstmL

Thw cold-washing was carde mat usig FTL stndard toaling to t 8-0-N specifcation for Part I (the no or low
noconday bending joints) sod to the6-3-N specifietim far Pat 2 (the hig neoonday bending joints).

4.3 HI.TIK In phblsk(IC se 2C) end HIlGUEX In =61dosed hble (21))

'fwaeM-flGE Intenriisani interference fit fasene. The pin has ccoventiasl parallel Ade ci lrg diameter tha the
hole, but hasua llubrlcated bead at the threded end wli c m adi e hale as it isassenbled, slowing the pare pin to
bediswnwaughthehale resltinginan itfeuewflitelnpn mstbe dwo roug thle usigs lvtgunndhen the
nut asebhld nd torqe tghtemedto 1.2- 11.3Nm.

flsehalvianeter requird togie th ftsdeseuilhdin wedona 4 we premsted in Tabl 3. Fr the cameof H-IGUE in
coIld bd hole(2D).l-----1 1; wae oiaetuiag.TJ. s Indr loalingtothe 8-0-N spulcfleabm usingacam

anrsuppllebyFOICKER(Co-insad 11/2 do&= **rJ,)A Saulol romeanae w supplied by FOKCKER to give the
required Stin the 0-joints and 11/2 dagauoaemspo a.n Tie pin sod collarfput onuthrs aN given inAnocz 2.

4A HUCK IlL(ID)

lIiftatenr systm, i alle tne hipe e inroematme "M. It is a two Pan fastener pin, the Stt Part
cold washing the hsItt fdats kata% the mmmad pnbeng a pambl sided pin which we installed produces an

a eALsSAvalar sissed everw th I s e lkeeS pin ad~ swpdi in nggooVwswhilst thecold-wahigpetn
grIppe ond ptilod ntil isoeuraloom eMWde l m Theqheopealwiscarried ut usloga specialHUCKpulling

Thspmt atesathplowweiusmgiwshoAm 2bdwbeme w~dtmhfssm typewsnavali
the-61on cSke sqasadiy f m ed- 1a1e speehesa the -8 lengt ws used In eo*nctia wit a dicke (7am)

permsm Iwpeb adteacdtohwwvld atMmbdt ntgwPut I undPortzcfilksaderaiveo

weretee woo atd MAT.aPt nively

ALI*W 7Ws=wdwu.new*2e0iq~duew ~

jhbsoew ldamm nb~ aupdam a meaCAPns ~ h o

j-



thentsetlofoflhepukFALlFAF.LevMeiNgoedtuIdsrquc m we tesbdg2OflMtand 37 Wa.d the
3S6M~febelncledaaedassmlileae relatioibetwee lg trs od loglfe.

UK -Maye lkNapelt.

Fromc - CEAT IfOliN seoty.

TeetnOw theuomacnes wascosW outatsmmncyclic fieacyof I lffzw*hblvma kequencyof Ilfzfedw
maimum l emcusion. Tealin an lie Frenc machines was carrie out at a mea cli~c freaqc of 12flz. Oftw a
frequency of 2Hz for li manximum load excursion.

3.2 seaiye espe s

As descrbd earlier, the infomation require from dhe test prograomme is twotd th loud trasfer end seconds!,
bendlnchaactmstsoftjoitsadthbuaamuscAuerca mo seaine suiapilsidUW
of LT rod SB madeusing t pocedure deacibed in Annex 3.

Th fatgue s tess levels vajed from Joint to jm~depeaftn die amutof seondary Ck&beni Tepqwpsedh-w
sowes levels wre define d os levels w*&c produced botirn aarance of 5000 aid 1500 FALSTAFF Rfigt with the
datm (clmmmc Ait HI-LOK) fane instad Thee su lves were me unaverst used in the pr~owte TIe on

section and gross sectio sres lvels for the peek appliedl FALSTAFF Iled used by each partcipn are given bvlow-

Netwsctio Grosssw

UK-Q joint 28OMfa ad 350 MN 21OMPa and 263MPa

NtA-I 1/2 dogbone 268MPA aid 335bft 200M~a and 250 Ida

S-X joint 200MP&and 267MPs lSOMhaand 200 hPs
S-U joint 276MPawd34SMPt 200MP* anid 250 Wat

Tie rnua md Msmas ed the two parts of the progrnun are Presented in tis section. Ile so or low secndary
bdngpertof teerlseeedoceuemd in seeton6.1 nd thehigh seonadary beading; parn in section 6-2.

0. a di baand mesamefill ms or aIsesmes 'Ibamfltub
Theaso tAt r e sfte load lw lod. g ighload trasfer jointsware iveonTabes 4,5mad6 rsectvely.

Thu ~ve~l~owmnb vereahaasystm (HI-LOKfanerina anc e w t hole) ae gimTabe 7. The f

with mth mnofie noload aerjoint~thesererASuhrdicussedeparatey. Setion6.1. discusses t resultaofthie low

Aodevasidmirs nW=2.1, dejoim vto boesaesedin Ie ofW life wvmon factrs AscUmbe seens from

isg A ha siger m Ievel, .ikeU lar w* lwH-K~ IUC and -i-lU asasa Is p Ip lobe expecte with
umeBfasamfs the mqpkmbd of mny banded eampmasime rei" stes baet -onrole by the peek of thke

pIl SO. 6 1kiwi eapotei hopwee fw the case ceol-woe slo.wr am bnue Isepecm Atblowstse.
ftha pf *h 3mm symbe for te twojo"nscniee mad ia l sed ~bdow-

1 2 3 4 S 67 fi 9 10 If 12

rL
334.0K FASTnERSYIE

The * U,. Mdk d a he - aconiins Log mm umve of each

b . -wism e w tw ae w oh M ohb~~ m a ted macooar e v~r n em seq lam ro Wusit st f

IU~~~~s.mm.nMSSw S O " ee evsutab ygeam ,siifpesn adEmbmwemsaa.Th5

,



j~ *.ui~m msbmminbmedssina i frm the UlK to die testing laboratories

.~Ed abaiinifthdmlmod in the doillmo rajuss. The faigpe test results are gie
io Tdft 4. 6M ON& S M~ of *smpoii an be xmhds PAine hoa die dao*Ma vadMn ae Independent Of the
*AmrnminIlmheomuoonas ismipoiem Filoresma dwe b* stress level nitiating from surface

~~imsmcdie ea tbetower stsslevel. In
~~ se doillone rsdhus it muma be concluded thst

~~ina m ~ ~ I md wsua lsom einmrmlhkg d odhe hole is readil overcome by fatigue
somimemmit ~ ~ ~ bowm ttw*w lm aemegso- din v -dwe of ifrom concentration. A general conclusion

m omlmlomomdnm oommii imo dmd o me hable i required insa standard joint for fastener
~ lb.Uw~gmibs yibwbyiftajim in wichs some load istransferred by the fastener

~in. diw 4m~jab he he ub~y used for histenecr evahmatio(2) but hsve not been tested

6J m O lommil'uu O

Aftindakwdt K dmiais die Wea resale. have been obtined on two different designs of joint.
Mds~E ik~i ph~a sin~nsaeThe emal thme LT and SB measurements on each joint

1110 mmof dieod Momideaad. ecaloy emdi .ssoments on each of die Joints are presented and assessed in
dis asaba. The mudb oil die 0~b 1 1/2 doome UjsW andi Xmjoint are presented in subsections a, b. c and d
rldy F mlN*O LTini a swy In some degee wis applied load. The values of SB at the peak applied

Wool is hilioom in d ~if Wadr e urmed (or e rsen siuial stress fields are modified) and if so their
rmold" .vlmm&l womd do binumhuiom Tis las a silimlesi deffc upon Ace damage, done by the ensuing load cycles.
Wh ftftm.oo. hommmrhis m by die -WM -dy lows, ow cycles, typically die maimuain damage occurring at a stress
rinpdommon /3 ofis ed 32 push mm The I - ofa die dsolall 1/3rd peak stres level are also calculated as a%of

isinsibmiipsob4ill duw slwiw" mjadi 1/3rd ratio is 80%tsen the peak SB is 0.5 and the SR at
1/3Wd FMJTAM po and is.G

blinmomi lhme ben smdet bo vaisif o~a f die 0-join (3/16" and 1/4" fasteners in the controlling section) with
1W4K ~mmmi*inpiibade oeta hih. The rad a mpresented in Tables Sand 9 for the I /4'and
31W b..omms , mgn -1L a is HI-TIGUEfsnea ntle in plain and cold worked
bolsmpomd isT 10. Ac q~ of dir reIA wish tilieren diameters of Wf-LOK fasteners is made in

Fora" st fI d m htis milpaseom do od "ofin does amt millicstly, affect Ace SB ratio but does affect the LT.
The ib E~w hit s yiue aimad. Commiorg Tolin 9 and 10. it can be seen doat high interference fit

him(Camld 2Dp k mw LYad= SI-,a in die teM seetion doen the fight cleanance/ight interference fit
himas m2A ad 2~ Thssedi.. invbo sis,~ an wqwul comosed witisodieir fastener-domminated joints (e.g.

124 lb inAerb.domuod ass a omewdminatid joint. but with a low fastener dontinance. A
inpEmy~inposwuiniiooodNFg .

lbsbad~wd. i.LTd om nsimliw m ay ol die fastene systerns installed. the 1/3rd load

b) I l/2 a inmms

Mm sm nb~~ de11/24 o~ow oems wiAh HI-LK and HI-TIGUE fasteners installed in plain
aniamli~~~~~~~ wiihmlb mbeusin Tafto I I ad 12 rnpetiwly. Values of load transfer vary little with

SOiW u AV ad W orJM IL Limd Imooor eslo a pmA qplied load amy only from 24% to 3 1% for the four
kiLmmom asiew wid iiismmb imiheaoms. desymmmbei ratio however varies both with applied

lad ad~ftlbuu ianmansy banag .ud aplobd show a reversal ofthie beniding direction with
101111do 1164M oomo wm(2Adm2S)d 11 ndis 4OK in a phu bole our-ethe rate of chang of SB ratio with

4101NWis of WV WOB WHI-IM bugansums isild. howeve. very little variation of secondary bending
uldq~.isabmm. i./3r Nod a obfaherboom % sboiplmamd dworked holes. Comparing the SB

~sbrdiw~rhbm~.m~ewsabrpdyu~ds~ceI AhursstmTe11/2 dogbone specimen is
~u~asah mwda~sj~lin.Ainn offdiesmmrnsomusat peak FALSTAFF load is presented

Tha~b~ssninyheady mai ie U-lad wish 16-10K d HIMDEhastoersin -~ holes are
inlih IL M vawmm weomomm mobdd vs upumum o eiuwlomof the reniltswas not realistic

~inbs~sL~mw nmi So S- STuBuari sweemaide with and w~tomivd-

~Ainid~bd in Iadua musudim vim eprlgthermlaswith andwithout nipport.AKWtidm11itiildmd.6n
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JOint The reduction in SB values in the U-joint with Increasig fit is 13% to 16% comparedl with a reduction of 20% to

27% in the 0-joint.

d) X-Joint measurements

Measurement. of SB have been mae on this Joint, with the datum fastene system kateled. The result. of the SO
memament ie values betweenO.4sand 0.8 (dqen sifon locatian)at thepeak WOWh lad.1theaverarevalneacroor
the testsectionusflut. Lnd transfermeasuremns were notevauatd astoofew straln~uwereuedtolvereistic

6.22 FanifueeArtresda

The fatigue test results are presented in Tables 14sto l7Ibforte-jointL 11/2 doglhone, X-joint sod U-join respectively
sod discussed an sections a) tod)rqpectvely.

a) 0-joint endurance.
Fatigue testing of the 0-join, as discussed! earlier, has beena performed with two variants, one with 3/16" diamewe and
one with 1/1" diameter fastenersin the conroling seton. The W-LOIfasboom In plain and cold worked holes (2A and

* 251) were tested with the smaller fasten ei the controlling sectionh. The HI-ThJ fsteners hin and cold worked
hao (2C and 2D) were tested with the WaWe fastener.n the controlling sectionL

Compating first the results for HI-LOK fasteners in plain and cold-worked hole. see Table 14), the expected benefit
producedbyro~l-okngalooeisoffsetbytberelatvdyhigsecodarybendngthejont~ereutstesatthe
interface of the Joint were some 40% higher than the madi sameses applied. The high stress levels in the FALSTAFF
sequence thus quickly wipe out the beneficial compressive residual stresse induced by the cold workig process.
In contrasthoweverthe interference fitl HIIGUE fstensprovide conideableimprvementin atgue pefomance
The reason for thisbeneft as threefold. Firstly the fretting damage as considerably reduced due to the lower relativesdip
caused by the interference fit. Secondly acompressive beneficial resdua stres is formed by the application of the highest
load he die FALSTA Fsequence. Theaoecondarybendingcamse the surface stres at the joint Interface lobe 40%bhihe
dudeslailyapplied strsmusalarpessireslduarsiulessformed at theiterfaconuloadagrhrly the
stress concentration factor is considerably reduced by the high interference, thus reducing the damaging effect of
subsequent alternating; loading .The combination of these three effects causes.a considerable increase in the fatigue
endurance. T1he conthiaton of an interference fit fasenr and a cold worked hole appears to give an even greater
enhancement in fatigue endurance. This enhancement however does changle the failure mode of the Joint Thre of the
specimens tested with HI-TIGUE fasteners in cold worked holes, failed away from the test section, on at the edg of the
gripped ares one at the controlling section, and one at the end of the lap plate All of the remaining specimens with cold
work and interference fit had at least one crack initiating due to freting thedotestisection, but not from the fastener holes.
It must be concluded that the limit of lif enhancement of this joint is being approached as failure is beginning to occur
remote from the fateners. However the joint is considered to be capable of rating moat fastener systems under conditions

* of high secondary bendin&

b) 11/2 dogbone endurne

Testingo0thle 11/2 dogbonespecimen has been undertaken at two sites. Testing with HI-LOK fasteners installed in plain
and cold worked holes (2A and 23) was undertaken at NLR as part of the FRFS programmne. Testing with HI-77GUE
fasteners Installed hn plain and cold worked holes (2C and 2D) was undertaken at the University of Piss. In view of the
possibility of high secondary bending stresses occuring in this specimen, it was required that the testing was performed
using fatigue tWs machines ofa similar stiffness at both sits. To ensure dt aacumngin test machine did not affect fatigue
lives, a nmber of check tests were undertaken at the University of Pish. These resulfts are presented in Table 15. along

With th te aiu etresultsofd th 1/2 dogne secimen.
The: compatibility teat show that with dearance fit HI-LOK fateers installed and tested at the higher stess level,

consistentdaawas produced atbothste.The 11/2 dogbone specimen is afastener-domated joint, so that the amount
of secondary bending is dependent on the fastner fit. The secondary bending in the cold-worked light interference fit
joint (251) is some four hiniea greater than that in the clearance fit joint (2A). The beneficial compressive resi"a stress
&Mel Iormedbytdh cold working pesi is offset bay the detrimental increase in local surface stress. As a consequence
there Is no' ncre- innfaigue endurance over the datum system using cold-working and Ui nterference ft The dat on
Joint. with HlflOUE fasamenerin plain holes (2C) shows that no Improvementin fatigue endurance Is achieved with the
use of' Interfrenc fit fastees. The remift. of the fatigue toso with HI-TIOUE fastner Installed In cold-worked holes
(213) dlo show no life Improvement over the doom HI-W1K system. Both of thene observations we attibuted to the

lcasin secondary beening0(he joint with increased fatee - t. P h k SB raiowih hig Nteferenceitfastener a
harmdto a peakvalueof 0.4comparw ith0.22 hr ligh ltefern cold-worked holes and e. tha 0.1 for

Miles lUs compared wiht the datum HI-LOK system Cold working of the hole bfore installation of a IU-TIOUE
ftne (2D) however comsus a ine I faigue lie over the HI-TIGUE in a pla hole (2q This Ices only

briaper ftigue Nb 0(thief1-flGUE fastene in scold worked hole back totduetofthe datum systm. It is considered
dthu from these resultthe 11/2 dogone specimen isfm suitable for the evaluation offatige resistant Imtae systemis.



JAW N f Ift Of 161 fm~wIm omm pwoma d bwvolt o

0) L4"*n

*~~~~~~ leftbi~m t-u7.inni
~6

OW

-r

2A .2 3C 2D

X-J"

losam m oal ilIol



3.~ cs w ONLAY ~S3IC U LosfdHI TecladW Floe Oiaadv Test Prpmume Fnd Tedmca

MWW 72ZZZ22

& CO dS i M . mddP~sT SeimS alwEdamPwpnfda

Aa* sWSNAW4(P 19



Owl

TABLE 1

PARTICIPANTS IN THE STANDARD SPBCIUKUS PRtOGRAMUI

Country Participants

France Centre D'essais Aeronautique I P A Liberge
do Toulouse - CEAT

Italy University of Pisa G Cavallini

The Netherlands National Aerospace H R van der LindenI Laboratory -NLR

Sweden Saab-oSc nia L Jarfall

Sweden Plygtelcniska i~ra ksantalten B Palzberg

United Kingdom Royal Aircraft Establishment R Cook
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TABLE 6

FATIGUE LIVES OF HIGI LOAD TRANSFER SPECIMN

FALSTAFF FLIGHTS TO FAILURE AND
SVALUES AT

rASTIMER SM PAX APPLIED MET SECTION STRESS

260 Nea 375 NP& 350 N.

3769 7572
23172 4031

IA KI-LOK In 30539 3S59
PLAIN Em 3492w 3431

14821 2959

,J r 3

51172 31759
1S HI-LOK IN 76759 34525

COLD Vnga 224420 27772

HOLE 166196 27359

.i
30220466

66624 34224
32796 27749

PLAI HOLE 52272 27031
123227 12972

41024 20924

211711 67521
155031 S86m0

I U EX IN 156172 56172
COLD VORKED HOLE

146672 52972

Istimated f eae asmming that a l.-l. 5-JI curve i linear
in this region.

- . ; . . . .

• i 4f t



TABLe 7

FATIGUE LIVE INPRVMNENT FACTORS

?ASTER NLT LT ML?

280 NPa 350 W~a 260 N~a 350 NPa 280 NPa 350 W~a

IA HIm m75 f257 1 =68

6.05 6. 36 3.96 6.41

Not& 3.14 2.81 2.10 4.54

ID WIM NIL 137 M5" F---
IN COLD
VOK "EDME. 5.46 7.18 5.53 11.99

i~''4
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TABLE 6

LT AND SD NEASURENENTS -Q-JOINT (Y" DIA) HI-LOK

SPSCINN TYPE; Q-JOINT WITH 1" DIA HI-LOK FASTENERS

Woten 2A Plafn hole - olesaMO fit
ateto s CoLd worked hole - lSbt lterfermos fit

PAX LOAD (ki): 67

%IN LOAD (kNi): -20.5

2A 20
S of the am load in .

FALSTAFF
LT S S9 ratio LT S SS ratio

.0

o o - o ! o
16.7 22.3 - 39.4 .131
33.3 26.3 - 44.7 .321
50 32.3 - 46.7 .457
66.7 35.2 - 4.6 .495
83.3 36.2 - 49.7 .498
100 37.6 - 50.3 ..494

83.3 38.9 - 51.2 .473
66.7 40.0 - 51.7 .450
50 40.5 - 52.1 .417
33.3 39.6 - 52.6 .341
16.7 39.3 - 54.3 .218
0 0 - 0 0

Minmm load 21.9 - 44.4 .236
0 0 0 0

I°0
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TABLE 9

LT AND SD NIASURENNTS - Q-JOINT (3/16" DIA) HI-LOK

SPECIMEN TYPE: Q-JOINT WITH 3/16" DIA HI-LOK FASTENERS

System 2A Plain bole - clearese fit
System 2 Cold voked hole - 110t lnterference fit

MAX LOAD (kN): 67

MIN LOAD (KN): -20.5

2A 23
% of the max load in

FALSTAFF LT SB ratio LT % SB ratio

0 0 0 0
16.7 30.4 .192 28.0 .264
33.3 36.1 .341 37.5 .297
50 41.3 .350 42.3 .353
68.7 44.3 .376 44.9 .393
83.3 46.4 .405 47.3 .422
100 49.6 .443 48.7 .441
83.3 51.3 .406 49.8 .402
66.7 52.5 .348 50.3 .352
50 54.5 .318 51.3 .302
33.3 56.8 .309 53.3 .270
16.7 65.3 .336 59.3 .419

0 0 0 0 0
Ninimm load 48.3 .418 52.0 .290

0 0 0 0! 0

Air
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TABLE 11

LT AND SO MEASUREMENTS 14 DOGDONE, HI-LOK

SPECIMEN TYPE: 136 DOGDONE WITH X" DIA HI-LOK FASTENERS

System 2A Plain hole - clearmce fit
$ystm 23 Cold vorked hole - light Interference fit

MAX LOAD (kN): 60.5

MIN LOAD (kN): -16.2

2A 2
% of the max load in 2A 2 _

FALSTAFF
LT % SB ratio LT % SB ratio

0 0 0 0 0
16.7 25.9 0.041 22.0 -0.086
33.3 24.7 0.018 22.1 0.031

50 23.8 0.027 22.1 0.142
66.7 24.6 -0.005 22.2 0.187
83.3 25.1 -0.055 23.0 0.210
100 25.7 -0.095 23.8 0.223
83.3 25.5 -0.058 23.3 0.211
66.7 24.3 -0.028 22.9 0.180
50 23.1 0.001 23.1 0.140

33.3 22.4 0.026 23.6 0.060
16.7 20.9 0.026 24.9 -0.023
0 0 0 0 0

Minimum load 12.7 0.054 19.5 -0.055
0 0 0 0 0

A_
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TABLE 12

LT AND SB 1EASUREMENTS - 1% DOGBOME, HI-TIGUE

SPECIMEN TYPE: 1% DOGBONE WITH %" DIA HI-TIGUE FASTENERS

System 2C Plain hole - high interference fit
System 2D Cold worked hole - high interference fit

MAX LOAD (kN): 60.5

MIN LOAD (kN): -16.2

2C 2
% of the max load in

FALSTAFF LT% SB .atio LT% SB ratio

0 0 0 0 0
16.7 28.8 0.265 30.5 0.425
33.3 28.3 0.424 31.0 0.455
50 27.8 0.504 31.8 0.483

66.7 27.7 0.502 31.5 0.517
83.3 27.7 0.477 31.4 0.506
100 27.8 0.455 31.4 0.481
83.3 27.5 0.412 31.1 0.455
66.7 27.7 0.387 30.9 0.429
50 27.8 0.352 30.8 0.394
33.3 27.3 0.266 30.4 0.310
16.7 26.3 0.060 29.2 0.136
00 0 0

Minimum load 24.0 0.111 27.2 0.311
0 0 0 0 0

I

Lk..
-1
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?AKL& 13

83 MASWUITS U-JOINT, HI-LOK AND HI-TIOU

SPICIUNR TYPE: U-JOINT ITO X INCH DIA FASTIERS

SYM 2A HI-LOK IN PLAIN HOLE
5s1513 2C MI-TIO U IN PLAIN HOLE

(a) NO SIDE SUPPORT AND (b) MID SIDE SUPPORT

System 2A System 2c

S of the m load Type (a) Type (b) Type (a) Type (b)
In FALSTAFF Se ratio B ratio SIB ratio SS ratio

0 0 0 0 0

16.7 o.360 0.45 0.260 o.305

33.3 0.305 0.455 0.250 0.300

50 0.305 0.445 0.270 0.320

66.7 0.295 0.420 0.27M 0.325

63.3 0.290 0.400 0.25 0.305

oo 0.300 0.395 0.260 0.335

83.3 0.295 0.360 0.250 0.310

66.7 0.255 0.355 0.235 0.300

50 0.20 0.335 0.265 0.265
33.3 0.245 0.310 0.260 0.275

16.7 0.335 0.375 0.340 0.325

0 0 0 0 0

minimm load 0 0 0.140 0.135

0 0 0 0 0

Aftr 10,000 eyle,
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TABLE 14

FATIGUi LIVES Of Q-JOINTS

FALSTA1F Flights to Failure and
I L Values at Peak
Applied Not Section Stress

Fastener System

260 NP 350 MPa

12128 3925
14431 2929

2A 1-LK IN 1210 3444
PLAIN HOLI 13831 4336

14031

06391

9631 3801

a HI- IN 12424 3172
WOD E U MCLI 12329 3624

16224 5323
17631

13335

18530 21730
78032 158252C M-uIN 25225 13573

PLAIN MOLX 30860 16385
57 11173'

8232

25573 38961
2D EI-TI U IN 77330 32695
0005.9 W 45632* 168400
M 91225 11159

111393* 7997

•FAIURI AWAY FROW TEST SECTION -
RESULT NOT INCLUDED IN LOG MEAN VALUE

LI . _
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TABLE 15

FATIGUE LIVES OF 135 DOUCHES SPECIMENS

FALSTAFFFlights to Failure and,
~ Values at Peak

FASTEER SETEN Applied Not Section Stroes

A268 MP* 335 NPs

18411 9559
60372. 15419

2A NI-LOK IN597 233
PLAN HLE63831 22231

9" 166351

*29572 13524*
40431* 14231

25U M N58231 179620
25LOK IN 3S7590 19172
HOLE -W97i10

30764, 9983
36572 16734*

20 I1I-TIMU IN f3U14067-
PLAIN MOLE 218

37146 19007.
42640' 17308.

2D HI-TIOlU IN 38265' 14946
COLD WoD 14564'

HOLEE63

INH-Lt3 11165
PLAIJN303182

1A ISA 19955
YESE A? lUA450

*FAILURES INITIATING AWAY FROM TEST SLCTION
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TABLE 16

FATIGUE LIVI&S OF X-JOINTS

FALSTAFF Flights to Failure and
SI Value, at Peak
Applied Net Section Strea

FAST NER SYSTM

200 NPa 267 NPa

13960' 5329
2A NI-LM IN 16972 5590
PLAIN DOLE 13180 6290

13772 5425

42772* 10929
U--L, II 302240 11972OLD MOMD 35631* 11372

UOL 27630* 6172

* SPLICE PLATE FAILURE

t-- -a , .1 . . . . . . . .I -,.,,- * . - " ' ..
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TABLE 17

FATIGUE LIVES COF U-JOINTS

FALSTAF Flights to Failur, and

,MW~Velma at Peak

276 Na 345 NWs

2A 3-WE IN 7331 53
PLAD MUI 19311052

106310 5431
23631

2472 15424"r

2C 01-TIOM IN 247M* 154M4'
PLI MM 16031* 13969*

19572'

20 r-TI..

*SPLICE PLATE FAILURE (7075-46)

'SPLICE PLATE WADE FRO 7010 - T73651 (haa plate faliwes)
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In order to cover a range of fasener fibs commonly used in practice four ranges were chasmsi two in combinationa

IA clearance: 20 * 0Pat
III interference 25 * 10pus(with cld wort)
IC bnerference 110* 10pm,

*IV interference 120 * 10put(with cld workc)

in order to check these fits, both hSole and fastener diameters were measured. The fasteners used were all from s common
bath ad he iamte vaiatonwas very low. The speens were produced by the same manufacturer andth

tolerances on hole diameter were found to be good, with the exception of system ID where the hole was produced by a
special tool. The specified and measured fits are given below for the four fastener systems.

I A Rangspecifled +10+30pm
Hale diameter range 6.363 - 6.368 wnn
Fastenerdiameerrange 6.325 - 6.337 nn
hieasured fitrapg +26 +43put

18 Range specified -15 -35 pm
Hole dissueter range 6.312 - 6.317mmu
Fastene diameter impg 6.325 - 6.337 nun
Measuredfit ranar -8-25 pm

I C Rangespecifled -100 - 120 pm
Hole diameter range 6.218 - 6.223 mmn
Fastener diameter nge 6.325 - 6.337mnu
Measured fitrange -102 - 119pmt

ID Range specified -110 - 30pm
Holediameterrange 6.198 -6.248 mm
Fastener diameter range 6.338 - 6.348mmu
Measuredfltristp -90 - 150Pmt

3 Fastenerflisai~gbseemeuayba11g )AM,

In order to cover a range of fastener fits commonly used in practice, four ranges were chosen, two in combination withI cold working. The four ranges chosen werr-
2A clearance 20± 10pm
23 interference 25 * 10pmu (with cold work)
2C interference 70 * 10pm
2D interference 70 * 10pm (with cold work)
In order tocheck these fits, both the fastener dianseter and hole diameters were measured. The Ml-LOK fasteners used by

each participant in systems 2A and 28 were not from a common batch, hence the measured fastener diameters are not
necesaril consistent. The H1f-TNGUE fastener however were from a common batch and the measured diameters are
therefrethe same. Variation in fastenerdiametefor agiven batch was found to be very low, usually less than about 5 pm. The
hole diameter produced and measured by individual participants also sho good repeatability, generally within 15 pm. AN
hole diameters; were measured, and a summmzy of measurenents and fits is given below.

Fastener system 2A - (range specified + 10 + 30 pm)

Joint Hole dia. range Fastenerdia. Range of fits
(MM) ) (pm)

o6.363 - 6.368 6.330 +33 +38
1) 6.315-6.320 6.324 -4 -9

11/2 6.331-6.341 6.310 +21 +31
x 6.345-6.360 6.330. +15+27

Fasteneersystem23- (rage specified -15-'35pm)

Joint Ho i.rne Fastener din. Reaspof fits

o6.312-6317 6.330 -16-21
U 6.320-6327 6.324 +3 -4

11/2

x 6.325-6339 6.330 +9 -5



f Fmmuis~m X -(NWRhphi -40 -wpm)

11/21 62""63S 67
FaOFm sm 2- (pmp ysced -60 -0 pa)

Q 6.246-6.257 6.325 -6-79

11I/2

U 6.220-6235 6.325 -90-105
"lm poahced by lbs mime mas

Li
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nhemethd aepi fur skng ei teie and Iesds beIaIInjons was dial used inthe FMF progrsme.
5~~~~~~~~~~~m~~I innw i p~in*snoshellmseebda Awen 4o1 riermee 2.1%e S82ga were

* ~~d moaet I ~I mdlgainodeddr in, TheLT asu ecattadiedtoeiihrudofthespeimenat t s di
haasnde. Oned mim mmmakb ie ftam sedoon and measred die total load appied. The other liocaion was on the
Mogdoumea ndilew elw dlmeassskonbi *mbref occured This rowof~g measured the load bypeasing die
kamaIl Thol ofM mogla~g Owemn. was not deemed The method used on die 0-joint consisted of averaging
aiinglwmav Ow eed', The meth d ed et/2 dngboAseconsistd of ntAptingallthorder polynomia
*t* abid kot die1 ,uhe sri mearements. Eac method was used consistently and comparisons should only be msde
dolLTrabeoeahpiehtwtdeeshssriealt bmldoCompwisons betweenLTvdalusfor diferent joints Shuld
only beamdamapide

Vie. di LT mid SR we dependent as the applied loa Accordingly measrements from the stran gauges were taken
over die impl of loads wia were applied dung the fatigue tst The nge was split into discret levels and measurements
ww taken a each level psen below.

%ofutainum load
WnFALSTAFF

0
16.7
33.3
50
66.7
83.3

100
83.3
66.7
50
33.3
16.7
0

mnimmum load
0

The LT and S8 vame were calculated at each discrete level for each strai gauge pair. The average value was calculated
across te section mad is presented in tabular tem. The data also shows how thle LT and SB values vary throughout a loading
cycle. A mearement cycle was made at the start of the teat. In order to ensure that measurements were also available when the
joint was stabilsed, a beddingin procedure was used. This simply involved cycling the John from zero load to 50% of the
mashmmtn FALSTAFF load for anumsber of cycles. The measurement cycle was then repeated. This process was repeated until
the measurements ofILT and SD had atabillised. The loadin sequence used in this programme is given below:-

0 0- 100% FALSTAFF - MIN FALLSTAFF - 0
0 - 30% FALSTAFF - 0 (5000 CYCLES)
0 - 100% FALSTAFF - MI FALLSTAFF - 0
0 0- 50% FALSTAFF - 0(5000 CYCLES)
0 - 100% FALSTAFF - IN FALSTAFF - 0

The * represents die twsurement cycle described earlier

The complete FALSTAFF* load range was not used for die bedding-in process. This is because experience showed a high
perentage of drain puge hAllre using die complete sequence. Since some ofldie gauges were adhered to the faying surfaces.

epeeetwas difficult and time consming. The conmpromise bedding-in process however resulted in some strain gauge
bpe~ s drngdihe measuremuent cycle. The measurements of LT and SB presented in this report are those obtained after the
bedding-in pocedure,
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eib mdasame es for lie no or low secondary bendiSprogramme are presented in figures 9 and lOfor the case of
lw--d io appled strau .respectively The scatter is generaly lower at the hher stress level but not significantly. There
appens I be no ralhmaip between fbasener system and the amount of scatter. The NLT transfer pecinen endurances ame
sdw l d i he bIe-r sysewnasd at both stress levels and are dereforc not further considered in ihis Anrici.

11bebdp e cafer mdsofde weenhmced fastener syslems(IB, ICand ID)ovcrap for botbjoits at both strem
kedil I abodd be bore in d at the iHT joint endurance. were obtained at 37SMPa and th LLT joint at 35OMPa

Umerlimnsithe ldem fammer symem only ovedap de of the other three systems in one cm.bs is the cue ofthe MT
joisiati lower ses level wit H]I-TIUE lsaeser. Ths could potentially result in a lower than unity life improvement with
W-1IOUE ,at , over the dnum systm.

Toqmn the ects o acaner on ue life improvement factors (LIF), the results are analysed in two ways. Firstly the
eseraisLJak .. ased fron the td Secondly each date set is considered to bedistiboted in some regular way. The
imWmlve ofeaeh da mst aued to caculat LF (rain) and the maximum lives of each data set to calculate LIF (max.
Assiutiug th distibution of each data set to be log normal, the log mean values are also used to calculate a factor LW (Av.

TABLE AI Absolute Life Improvement Factors

,ASTENR LLT JOINT HLT JOINT
SYSTEM 28OMPN 35OMPa 28OMPa T N

G I 80 a 75 ea

KI-TIGUI 1.86 -5.22 1.85 - 4.31 0.86 - 8.31 1.71 - 11.57

I I[

HI-LOK IN 2.17 14.24 1 2.03 15.41 1.35 - 15.14 3.61 - 11.67
(7 C.V. ROLE

HUCK ZLL IN 3-53 8.03 3.62- 12.83 2.56 - 14.28 7.00- 29.57
C.W. ROLEI

!I
, I I

TABLE A2 Distributed Life Improvement Factors

FASTEIER LLT JOINT HLT JOINT
SYSTEM LIF 280 350 280 375

MIN 2.94 3.15 2.21 4.38
HI-TIGUE AV 3.14 2.81 2.10 4.54

MAX 3.30 2.53 3.25 4.52

HI-LOK MIN 3.44 3.46 3.45 9.25
IN C.W. AV 6.05 6.36 3.96 6.41
HOLE J MAX 8.99 9:05 5.92 4.56

I , I ,

MIN 5.58 6.16 6.54 17.90
HUCK LXL III AV 5.48 7.18 5-53 11.99
C.W. HOLE MAX 5.07 7.53 5.59 11.56

i i
, ,_ _ _ _ _ _ I I I I I__ _ _
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Frm thea twoot taitem be mem dta r are soqwlwmtc dflhric in the wayiswtich the two tyesoiint rat
dhftsr sysm It dorn bmu =bct tha the Ui bnroeaiuate boned a the W&g mean vain (ruble A2) of the

dae aaprovide agod pus todif mh 'mrvmns fooWdin practice Kfwort usec datas require for minimum Wie
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Pdnry bdae cra orips have been noted by each participant am each fadgue tea scmen ad amc pvwmed Is

a) HTSpedm

3

46 4

' ' -,o 12

C 

1

Fastener Fastener
1 2

FASTEzNR SYSTEM I Maximm net SPEC NO Flights ORIGINS
stress We) to Failure

280 37898 4
280 H1/6 23172 10
280 HI/5 30839 a
280 H1/10j 34929
280 . -1/" 14821 io

I N IN. RLE 375 112 1 7572 a'P5I 111/9 4031 a

375 H1 /a 3559 a a
375 I /3 343

35H/4 2995671



,a u no SPE NO Flgt

Fastener system Nazimu net SPEC NO Fligts ORIGINS
Stress (NPa) to Failure

I I

280 H4/2 66624

H4/5 32796 b
280 H4/7 52172 10
280 H4/9 123227 6,7
280 H4/10 41024 b

1B. HI-TIGU '

IN PLAIN LEHOL; 375 H4/1 34224 10
375 14/3 27749 10
375 H4/4 27031 10
375 H4/6 12972 6,7
375 H4/8 20924 6,7

280 H6/2 51172 11

280 , H618 76759 11
280 H6/4 > 224420

280 H 16/1 166196 11
280 H6/9 93021 11

1C. HI-IK IN
COLD-WORKED 375 H6/7 31759 11

HOLE 375 H6/3 34525 11
375 H6/6 27772 5
375 H6/10 27359 6,7I

280 H3/9 211711 d,12

280 H3/1 155031 b
280 H3/3 155172 b
280 H3/4 96996 d

1D.280 H3/5 146572 d

COLD-ORKED 375 H3/6 87511 b

HOLE 375 H H3/7 58880 ,1 10
375 H38 55172 c
375 H/10 59929 b
375 3/2 52972 10

_______________ ___________ ________ I___________ ._____

L1
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Summary of HUlT-joints

lFastener! TOP PLATE (CSK) BOT PLATE , CENTRE PLATE
System ' 280 375 280 375 280 375

I I

(1) 3'7898 (4) 2959 1(6) 231'72 1 (5) 30839 (2) 75'721
IA 1(7) 14821 (10) 34929 (9) 4031'

t(8) 35591

I 295 )(3) 3431

II II

SI I I *I

T7898 2,958 18l,532 ,32,820 , 4,394

I i

, (9) t232271 (6) 12972 1(7) 52172 1 (1) 34224: (5) 32796

(8) 20924 1 (3) 277491 (10) 41024

IC ,(to) 273591(8) 76759 (3) 345251
1 , .

I I

I- ,
__ __ _ _ __ _ __ __I__ _ __

27,565 18826'-3-3,113

(9 211711 "(7) 5880 (9) 211711 1 (6)
ID (2) 52972: (1) 155031 (8)

(3) 155172 (o)
(4) 96996

) I146572
-'(9 211,711 55,848 1 148,579 17 41

(2) Failurea in the centre plate orginate at fastener 2.

(3) Me mjority offaures using system ID ar i t centre pl the longest lives are ahieved with this system.
(4) AN of the failures using system IC are in the side plates, the majority in th botom plate.

(5) ilw majority of fsllureausing systen 1D afti Iad e plates.



b) LLT S*d

b

I ~ 1 r

:Fastener System Maximum net SPEC NO : Flights to ORIGINS
Stress (NPa) I Failure

a *i

280 166 15372 (1) b
280 167 14329 (2) b
280 168 20172 (2) b
280 169 22680 (1) c,b,1
280 170 16572 ,b,1

IA. HI-LOK i
IN PLAIN HOLEI 350 161 6031 (2) b

350 162 7772 (1) b,1
350 163 5424 c(1) c(2)1
350 164 9239 (2) b
350 165 8572 1(l) 1 (2) b!

I ~I

a 280 14/1 55351 (2) a
280 L4/9 54772 (1) a
280 L4/4 53172 (1) 2 (2) a
280 4/7 42172 (1) a I
280 L4/10 74772 1(2) a (1) a:

I1B. HI-TIGUZ 1 i
IN PLAIN HOLE' 350 4/6 17080 ()a

150 L4/3 17729 (2)
350 L4/8 , 22959 (1) a

350 I 4/5 21572 (1) 2 (1) a
350 L4/2 23372 a
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!Fastener System M Maximum net SPEC NO Flights to ORIGINS
I Stress (RPa) Failure

280 186 49231 (1) 2,1280 187 118194 (2) b,2

280 189 115231 (2) b,2
280 190 99031 (1) 3,1

[IC. HI-LOK IN
COLD-WORKED 350 181 18759 (1) 1,2
HOLE 350 182 61325 (1) b,1

350 183 46586 (1) 4,1

350 185 83591 (1) 1,3

280 196 79972 (2) 1
280 198 115021 (2) e b

20200 97031 1 (2)a
1ID. HUCK-EXL IN

COLD-WORKED 350 191 6961 (1) 2
HOLE 350 193 66231 (1) a

150 t94 33431 (1) 2
350 t95 47943 (2) ab

Observations of LLT joints

(1) Failure from hole(l) was more common than froin hole (2) (60% at (I) 40% at (2))bM a no sysemaic .

(2) Failure from the countersinks was observed only with high inbebreme fit hatmsr

(3) All of the failures with system IB originated a the Coufe siak only 50% wh Sysatem ID origiiated at te
countersink.

(4) All ofthe failures with fastener systems IA and ICoriginatedfrom mliJpeorigina at t heboreofhe hole.



C) 0-joint

10 4 i -
____ _N I I'I

Position of+
failure section, +0

AAam

section

Faetoner system, Maxim net "IC 30I Jt? ORIGINS
(StreeS Efa PAIWR

I 1 3 1 - 0 qm

280 ' 7 12128 (1) &.%(q~t

I t 9 Im 1 31 g (1) 39 ,*
2A. ~~ ~ It. 14031 (-).qt

PLamt 30M3 "0 1 21 3925 W
'"0 n 292 (0) golo.a'

35100 KL.,

,_________ 4____ _(0)______ ____



sto 1Nt PIR

29 Stm. 16224 (-1W5) ha

avl 176 1 a~

COD206~i 30 0114 3802 (0)oK.,q.
aol 5 CV6 122 (0.) O(L)K

3520 0119 16224 (01.) K~~ La

CU8 5323 a(0) K,L,Ut,(.1)O,ul

1 260 1 o 78 032 ,O.

20 a 13 a 25 225 2 ( 1 (O).2I. 2180 ?4 a 30860 (t)a
It2017 1 8 s530 (1DE

12C. HI.TIGUIIN' 52
PIII 3 Wm "0 16 152150 a(.)

a 3130 19 21 a 730L,q

35 911 173 (-3)q~
35 1 20 a 6 3 8 5j ''

3"21 8 232 (1)

350 135

20425 573 (+2).

5 a562
290, 6 1 77 330 (+2)f(o)R .

290 7  M "~3 02
2160 10 91 225 (1WWoWi

2a. -yw 1 3 , I I5

co o2 38 981 (-.5)
NOWmm 3, 32 695 1 (1)

350 6 16S40j (-3)a

1 ~ ~ 1 179 (-2)u

j~ ~ " ?miau 7994fetM? 7pl

02 ?ilum fm taoteesm in watsolling sootio

PtWWMfiwbW-Puub

W~h -Vu+lft-.~mfmwb
3r"Iw as
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Fastener system maxim net SPEC NO FLIom To ORIGIN
a Stress (NPa) ' , FAILURE.

• __--_ _I I II

268 18411 a.

268 60372 R268 69 72

268 63831 9
2A. HI-LOK IN I

PLAIN HOLE 335 9559 '
335 15419 S
35 23373 a

I 1335 22231 I I
&I , I *a

268 29572 S
a 268 a 40431 a RW a

268 a 58231 S
268 35759 R-V

2B. HI-LOK IN
COLD WORKED 335 13524 -

HOLE 335 1424t R.
335 a 17962 P
335 , 19172

I II

' a . c268 Cl 30764 0
268 Cs 36572 H

1 2C. HI-TIOUE IN! 335 C4 9983 0PLAIN HOLE 335 C2 16734 U

335 C3 14067 U" C8 . 11780

268 a D1 37146 A

268 D2 42640 T
262 DII)6 U I28265 Q

COLD VORUEDi 335 7 19007 PHOLEI 11738 p

1 335 a De a 14946 B
335 j D3 J 14564a*1I - I

2A. HI-LOK I A3 11165 p
I PLAIN HOLE "' 1 x 13826 1 3

(COMPAAILIYY), 335 12 19955 a

-F -,

rAM

• . . ++T
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11/2 Doboe uauuu

Fulo slants/vcm kWve - Fijure e

2AAow - FwzinedkleWtimWeorjwftmzdobol
2ANO~- From ep ofbob at kuucor jilforwardocihole.

MDow -Junt kwdolbolearuaedgeofdeplowe
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2CNbi - Jotawy fom epot1halest inttfm or forwardof fstrer boles

21)/ow - Variou - away fto mar hole on top surface
2DA~ig - Just fbrar of boomae bole on top muface
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e) X-uke

!•I -

iFastener system Maximmu net C NO FLIGHTS TO ORIGIN
Stres (M) FAILURE 1

200 41.6 13860 1-6
200 41.7 16972 a.b.d-h
200 41.8 13180 a-eg
200 41.2 13772 a-f

I I2A. HIO 4I.2a

PLAINMOL .267 41 1 5425 a-f,h
267 41.:3 5329 , a-h

2 41.4 5590 a-f
267 41.5 6280 atc-h

200 42.4 42772 1 6.h

200 42.5, 30224 1-8
20o 42.6 I  35631 ;-s
200 42.8 27630 t,'3-6.8i 29. MI-LOK I,

COLD VWOI 267 42.1 10929 a-h

HOLZ , 267 42.2 11972 a-h
267 42.3 1 11372 ec-h

267 42.7, 6172 j1-8
*1 __ I - J _- _ _ _ Ishe

Fx. w - kmkm/md--abmpit

2AA/ib- mhftw , 1l bm phf

2Fuem - 6tm y t bd in opdm puim2&d mbm d sbnpf
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1) uvjoJt

b b

I F

Fastener system Mazlaum net SPEC NO FLIGHTS TO ORIGIN
St ""es ( I I FAILURE

276 1. -4 7831 b, e

s-5 
19311 

2
276 -6 10631 1. 2
276 2b,c

2A. mI-LOK is
4I- 1.PLAIN OLE 345 5558

345 Si-2 5729 1,2
345 1-3 5431 b__ __ __ __ __I __ __ __ __I __ _ _ _ _ _ _ _ _

.' I I I

27?6 S3-4 24372 1,2
276 I 53-5 17834 1,22% I s 6  1 16 I 2
276 S3-6 16031 ,

219572 1,2
2C. I-Tian is

MAIN NOL 345 83-1 15424 a
345 S3-2 13520 2
S833-3 13969 1,2

! _____________________ I __________ ,,_______ I -____________I ______________ I ,,__________ ,*

.. A7
it

• I ,.: L; ' :' . .
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ANNEX 6

Thle Q-)On hIs been developed &u% gd epms thtree years It is anticpatd that developsnent will continue to enable die
io InfO pr duc e nt anielass of LT and 0by simpl geometric chages Thes changs involve fastener diameter,
*Ad m sOfeOtroliNg elemnt aidac agoffamser rows. The standard Qjoint dmsp is given in Fg 3 mit 1/4 diameter
fatener, installed. Tes"n of the Ojoin with lI-LOR (2A) ad HI-LOK an a cold worked hole (2B), was perfomed with
3/16'dimmaste fastener Istlle in the control seetiui and 1/4, diameter, fasteners in the test section. in order to ases
whether wrag the s"adud joint would produce simdla fAiNu lves to those obtained with the smaaie fastener a the
ceMOMUtegsction measumnso c iLand S wemade on tddjoint Theresutof these measurements ae wvenin
tbkl4, nd are emrapared with thos obtae usin the SmAlle 3/16* diameter fastener, Presented In tle. Many strai
amag fures occurred durin the testing of the 1/4- standard Joint, particularly witht the plain hole specunen. omparisons
can howver he made of the cold woredW specirmens. The load trasfr values are vey similar but the secondary bending is
soomewha iher inthestandard ~overmoahload rage It ssexpected therefore tha thefatigue lives of standard 0-
Joints ith 1/4- H-LOK fasteners ain- and cold worked holes will be slihtl shorter than tOse with 3/16' dimeter
ftsfeuerinthecontrollinsectimLA smainurnberoftestshavebeen performed withthe standadjointand teabove appears
to be tru at the lowe stes level At the highe stres level howver the figue endurances with the standard jount are slightly
greater than thos with the 3/16- fasteners Since the secondary bending is so high it is expected that ther would be little
difference between the faiue lives of plain and cold worked hole specimens. This also appears to be true from the sma
nmber of additional tess.
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14. Ahsaet '

An AGARD coordinated programme which examines the fatigue performance and joint

characteristics of a number of mechanically fastened joints has beon completed. This report
describes the programme which examines mechamically fastened joints with (1) no or low
secondary bending and (2) with igh secondary beding. In part 1, three types of joint are
assessed which exhibit no, low and high mounts of load transfer by the fastener. The no lad
traasf rjilnt was rejected and low and high load transfer joint were considered to be equivalent
in rating fastnr systems, In part 2, three types of single shear joint are considered. They arc
compared oan the bais of load transei and secondary bending characteristics and also on the
fatigue endurance with a range of fastener system installed. Only one joint, the UK designed

-joint, adequately fudlilled the requirements of a standard joint for fastener evaluation
purpose&

This AGARDo p was sponsored by the Structures and Materls Panel of AGARD.
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